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t571 ABSTRACT 
Disclosed is an interdigitated plate-type heat exchanger 
interface. The interface includes a modular interconnect 
to thermally connect a pair or pairs of plate-type heat 
exchangers to a second single or multiple plate-type 
heat exchanger. The modular interconnect comprises a 
series of parallel, plate-type heat exchangers arranged in 
pairs to form a slot therebetween. The plate-type heat 
exchangers of the second heat exchanger insert into the 
slots of the modular interconnect. Bellows are provided 
between the pairs of fins of the modular interconnect so 
that when the bellows are pressurized, they drive the 
plate-type heat exchangers of the modular interconnect 
toward one another, thus closing upon the second heat 
exchanger plates. Each end of the bellows has as a part 
thereof a thin, membrane diaphragm which readily 
conforms to the contours of the heat exchanger plates of 
the modular interconnect when the bellows is pressur- 
ized. This ensures an even distribution of pressure on 
the heat exchangers of the modular interconnect thus 
creating substantially planar contact between the two 
heat exchangers. The effect of the interface of the pres- 
ent invention is to provide a dry connection between 
two heat exchangers whereby the rate of heat transfer 
can be varied by varying the pressure within the bel- 
lows. 
7 Claims, 2 Drawing Sheets 
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that heat is transferred from a primary fluid to a second- 
ary fluid. The tubes through which the fluids flow are 
Building panels having controllable insulating capa- 
5 bilities are taught in U.S. Pat. No. 3,920,953. The panels 
away from each other to vary the insulating properties 
of the panels. Air is used to inflate flexible ducts residing 
between the Walls, thus driving the Walls further apart 
10 to increase the insulating properties of the panel. Deflat- 
ing the flexible ducts draws the walls together and de- 
creases the insulating properties of the panel. 
U.S. Pat. No. 3,957,107 teaches yet another thermal 
switch connecting a heat sink to a heat source. An ex- 
pandible bellows encloses a refrigerant. As the bellows 
assembly is heated, the refrigerant vaporizes expanding 
the bellows and connection the heat circuit between the 
heat sink and the heat source. 
PRESSURIZED BELLOWS FLAT CONTACT HEAT 
EXCHANGER INTERFACE , interdigitated. 
ORIGIN OF THE INVENTION 
formance of work under a NASA contract and is sub- 
ject to the provis io~  of &tion 305 of the National 
Aeronautics and Space Act of 1958, Public Law 85-568 
(72 Stat. 435; 42 U.S.C. 2457). 
BACKGROUND OF THE INVENTION 
The invention described herein was made in the per- Comprise a pair Of Walls which Can be moved toward Or 
1. Field of the Invention 
This invention relates generally to heat exchangers 
and more particularly to contact interfaces between 
two heat exchangers. 
2. Background Art 
There is taught a t h e d  operated circuit controlling 
device in U.S. Pat. NO. 2,109,169. The device provides Yet another heat controlling device utilizing a bel- 
for adjustment Of the time Of Operation Of bimetallic 2o lows arrangement is taught in U.S. pat. No. 4,454,910. 
thermal elements enclosed in an evacuated Or gas filled As with some other patents discussed above, the bel- 
bulb. A diaphragm is provided as a means of varying the lows encloses a working fluid with a relatively high 
Pressure within the device for the Purpose of adjusting vapor pressure As the working fluid is heated, the resul- 
troller. thereby driving a contact plate toward a radiating plate. 
In U.S. Pat. No. 3.225320 there is taught a device for Heat from a heat source is then throuah the 
the operating til"le of a thermally operated circuit con- 25 tant vapor pressure causes the bellows to expand 
maintaining the operating temperature of an electronic 
component by eontrolling the Tate at which the heat 
generated within the component is allowed to dissipate. 
A bellows containing an expansive medium expands and 
contracts to vary' an air gap, the bellows itself serving as 
a heat conductor and the width of the air gap serving to 
control the resistance to heat dissipation. 
A heat valve is taught in U.S. Pat. No. 3,391,728. The 
heat valve is formed in the gap between the heat source 
and a heat sink. The gap is capped on one end by a 
pressurized gas reservoir and on the opposite end by a 
bellows containing a liquid thermal conductor. By vary- 
ing the level of the liquid thermal conductor, the con- 
duction of heat across the gap can be controlled. 
In U.S. Pat. No. 3,450,196 there is taught an appara- 
tus which uses gas pressure control to vary thermal 
conductivity. A heat radiating component is sur- 
rounded with multiple layers of thermal insulation with 
the outer layer of the thermal insulation being a pressur- 
izable container. Gas or liquid may be passed between 
the layers of thermal insulation and by varying the 
pressure of the gas or liquid. the thermal conductivity of 
the gas or liquid is varied resulting in a regulation of the 
heat loss of the component. 
In U.S. Pat. No. 3,463,224 there is described a heat 
transfer switch which utilizes a contained fluid, a bel- 
lows and heat conducting plate. As the temperature of 
the fluid is increased, it expands filling the bellows with 
the bellows in turn elongating and driving one thermal 
conducting plate to contact another. 
In U.S. Pat. No. 3,478,819 there is taught a variable 
heat conductor for use in space vehicles. A thermal 
responsive element is used to drive an actuator causing 
A thermal coupling device for use in cryogenic re- 
frigeration is taught in U.S. Pat. No. 3,807,188. The 
device incorporates a mercury filled bellows. When the 
mercury freezes the bellows clamps around a thermal 
transfer neck, thus providing a coupling between a 
refrigerant source and a device to be refrigerated. 
A double tube heat exchanger is taught in U.S. Pat. 
No. 3,907,026. The heat exchanger is conventional in 
'a piston to contact a heat sink. 
working fluid and the contact plate to the razating 
plate. 
Although it can be seen that heat transfer devices 
30 have incorporated bellows to drive contacting plates 
together to complete a heat circuit, the use of a bellows 
has not been incorporated to drive multiple plate-type 
heat exchangers into contact with a second plate-type 
35 heat exchanger in an interdigitated arrangement. Fur- 
ther, nowhere has there previously been used a thin 
membrane diaphragm forming an end portion of the 
bellows to allow the surface of the membrane dia- 
phragm to conform to any contours in the heat ex- 
40 changer plates thereby applying a uniform contact pres- 
sure between the heat exchangers. The result is a dry, 
efficient heat transfer where the rate of heat transfer can 
be varied by varying the pressure within the bellows. 
SUMMARY OF THE INVENTION 
Accordingly, it is therefore an object of the present 
invention to provide an apparatus for thermally 'cou- 
pling two interdigitated plate-type heat exchangers. 
A further object of the present invention is to provide 
50 an apparatus for heat transfer between two fluid loops 
without using fluid connections. 
Another object of the present invention is to provide 
a bellows driven conformable membrane diaphragm 
which when pressurized drives the plates of two inter- 
5 5  digitated plate-type heat exchangers into contact inter- 
face. 
Still another object of the present invention is to form 
the area of the bellows in contact with the plates of the 
heat exchangers as a thin membrane diaphragm which 
60 conforms to the surface contours of the attached plate 
so that a uniform pressure is applied to the plate thus 
ensuring substantially full planar contact between inter- 
facing plates. 
Briefly stated, the foregoing and numerous other 
65 features, objects and advantages of the present inven- 
tion will become readily apparent upon a reading of the 
detailed description. claims and drawings set forth here- 
inafter. These features, objects and advantages are ac- 
45 
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complished by providing for an interdigitated heat ex- to perforated honeycomb pressurized end structures 17 
changer interface between two heat exchangers. In by means of conduits 23. 
essence, a male/female type connection is made be- Heat exchanger 3 is comprised of a plurality of ~ t -  
tween a first heat exchanger surface and a modularized angular heat exchanger plates 25 extending from a SUP- 
interconnect containing the second heat exchanger sur- 5 port plate 27. Rectangular Plates 25 are the first heat 
face. The plates of the first heat exchanger are inserted exchanger which may, for example, be an ammonia heat 
into the s]ots,creat& in the modularized interconnect exchanger. Plates 5 10Cated within Containment StNC- 
between pairs of heat exchanger plates of the modular- ture 7 are the second heat exchanger which may be, for 
ized interconnect. example, a water heat exchanger. 
In operation, plates 25 insert into slots 9 of modular 
drive the hiat exchanger plates into substantially full interconnect 1, thus creating a dry, flat contact heat 
planar conmt  with one another, thus providing a dry, exchanger interface. Bellows 11 and perforated honey- 
efficient, thermal contact conduction interface between comb structures l7 are pressurized with fluid* for 
two heat && bellows arrangement fa- example nitrogen, through manifold 19. ~ ~ ~ O W S  11 
A pressurized bellows mangement is provided to IO 
tures a thin membrane diaphragm forming a part of the 15 are Press-, they expand driving Plates ' k t 0  
pressurized bellows where the prau&ed bellows at- contact with Plates 25. membrane diaphragm l3 
taches to the which forms the end p O t i O n S  Of bellows 11 COnfORIlS to of the modularizd interconnet. 
the bellows are diaphragm con- the surface contours of attached plate 5, thus ensuring a 
forms to the surface contours of the attached plate to uniform pressure exerted On plates '. The is a 
By varying the pressure 20 uniform pressure thermal contact conduction interface 
of the fluid within the bellows, the thermal contact between plates ' and The 'Ontact 
be varied by varying the pressure of the fluid to the be varied. bellows 11 and perforated honeycomb end structures 
25 17. The greater the pressure, the greater the conduc- 
tance. The metallurgy of plates 5 and 25 may be any 
metallurgy typically used in plate-type heat exchangers 
such as, for example, steel or aluminum. 
From the foregoing, it can be seen that the flat 
provides an efficient and dry means of providing a 
contact interface between two heat exchangers. Clearly 
the interface of the present invention is advantageous 
over a typical connectable/disconnectable fluid inter- 
the 
heat 
conductance and thus, the rate of heat transfer can also conductance and therefore. the rate of heat transfer can 
BRIEF DESCRIPTION O F  THE DRAWINGS 
FIG. 1 is an isometric view of the interface of the 
FIG. 2 is a cross-sectional view of the interface. 
present invention in disengaged position. 
is a drawing showing the connection Of 30 contact heat exchanger interface of th present invention the bellows to the heat exchanger plates. 
DE+AILED,DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 
Turning first to FIG. 1, there is shown a modularized 35 face which provides many opportunities for leaks to 
occur. This advantage becomes more apparent when it heat exchanger jnterconnect and a set Of heat ex- 
changers 3. Moduhked k t e m m e c t  1 contains the is realized that quite often the fluids contained within 
plates 5 of a plate-type heat exchanger. The Plates 5 are the heat exchangers are corrosive requiring a special 
arranged in pairs within containment structure 7. Plates metallurgy. With the present invention, if one of the 
an array Of spaced pairs Of 40 fluids is corrosive, only that heat exchanger containing 
plates 5. A slot 9 is present in between the Plates 5 of the corrosive fluid be made of the required special met- 
each pair. Also housed within containment Structure 7 allurgy. The second heat exchanger containing the non- 
are a plurality of bellows 11. Each bel~ows 11 attaches corrosive fluid need not be manufactured from a special 
to two Plates 5 on the faces of Plates 5 opposite slots 9. metal because the interface between the two heat ex- 
The ends of each bellows 11 are provided with a plural- 45 changers is dry. 
i tY  of Peripheral ProJections 12 with aWflures 14 Yet another advantage of the present invention is the 
therein. Screws or bolts 16 extend through apertures 14 modularized interconnect which allows one heat ex- 
to attach b e h . ~  11 to piates 5. The end portions of changer to be easily replaced without disturbing the 
each bellows 11 which contact Plates 5 are thin n~em- second heat exchanger. This situation could develop for 
brane diaphragms 13. The ends 15 ofconta im~nt  StruC- 50 example. when one heat exchanger develops leaks or 
ture 7 enclose a perforated honeycomb Structure 17 becomes fouled. Other than disconnecting the interface 
which Pressurizes simultaneously with bellows 11 dur- between the two exchangers, all other connections, 
ing operation to Provide lateral containment Support fluid or otherwise, to the non-leaking exchanger may 
within containment structure 7. Perforated honeycomb remain in place. Replacement of the leaking or fouled 
Structure 17 is Preferably an open celled metallic honey 55 heat exchanger thus becomes both cost and time effi- 
comb. cient as a result of the dry modularized interface. 
The bellows material is chosen depending upon the An additional advantage of the interface of the pres- 
service an conditions under which the interface is oper- ent invention is the capability of varying heat loads or 
ated. Contingent on such factors, the bellows material changing thermal flow loops while maintaining a con- 
may range from steel to titanium. Thickness of the 60 stant fluid flow condition of a central thermal transport 
membrane diaphragm 13 is governed by the conform- loop. The bellows pressure can be reduced so that 
ability under pressure of the particular material chosen. contact between plates 5 and 25 is no longer maintained. 
For example, if titanium is the chosen bellows material. thereby eliminating heat transfer without shutting down 
it has been found that a thickness of 0.01 inches is ac- circulating pumps or closing valves. Similarly, the tem- 
ceptable for membrane diaphragms 13. 65 perature control of a fluid loop can be regulated by a 
Modular interconnect 1 is provided with a pressur- variation of bellows pressure which, as stated above. 
ized fluid manifold 19 connected to each bellows 11 by affects the heat transfer rate across the exchanger inter- 
means of flexible conduits 21. Manifold 19 also connects face. 
are and 
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From the foregoing, it is seen that this invention is 
one well adapted to attain all of the ends and objects 
hereinabove set forth, together with other advantages 
which are obvious and which are inherent to the appa- 
ratus. 
It will be understood that certain features and sub- 
combinations are of utility and may be employed with 
reference to other features and subcombinations. This is 
contemplated by and is within the scope of the claims. 
invention without departing from the scope thereof, it is 
to be understood that all matter herein set forth or 
shown in the accompanying drawings is to be inter- 
preted as illustrative and not in a limiting sense. 
with said plates of said modular interconnect when 
said bellows are pressurized. 
3. An interface for interconnecting two Plate-tYPe 
each of said bellows includes two end portions, both 
of said end portions being deformable membrane 
diaphragms, said end portions being affixed to said 
heat exchanger plates of said modular interconnect. 
4. An interface for connecting two plate-type heat 
heat exchangers aS recited in Claim 1 wherein: 
5 
10 exchangers as recited in claim 1 wherein: As many possible embodiments may be made Of the heat exchanger plates of mid modular intercon- 
nect and said heat exchanger plates of said second 
heat exchanger are substantially rectangular. 
5. An interface for connecting two plate-type heat 
a containment structure enclosing said modular inter- 
6. An interface for connecting two plate-type heat 
changers arranged in pairs to provide a slot be- 20 an end structure enclosed within said containment 
tween said plates of each of said pairs; structure adapted to receive pressurized fluid 
a second array of parallel, spaced, plate-type heat thereby providing containment support to said 
exchangers being engageable to and disengageable plate-type heat exchangers when said bellows are 
from said first array by insertion of said plates of pressurized. 
said second array into said slots of said first array; 25 7. An interdigitated plate-type heat exchanger inter- 
a bellows residing between each of said pairs of said 
plates of said first array, said bellows being con- a heat exchanger including at least one Plate-tYPe fin; 
netted to a of fluid so that said a modular interconnecting including a heat ex- 
changq with at least one pair of parallel, plate-type plates of said first array can be driven into substan- fins arranged to form a slot therebetween; 
a bellows residing on each side of said pair of parallel, tially planar contact with said plates bf said second 
plate-type fins, each of said bellows terminating in array by increasing the pressure within said bel- 
a thin, membrane diaphragm which forms a part of lows; 
said bellows; a manifold residing between said source of pressur- 
ized fluid and said bellows, said manifold having a 35 for supplying pressurized gas to said bellows 
plurality of flexible conduits extending therefrom so that said fins of said modular interconnect can be 
or supplying pressurized fluid to said bellows. driven into substantially planar contact with said 
2. An interface for interconnecting two plate-type fin of said thermal bus; 
heat exchangers as recited in claim 1 further compris- a manifold residing between said means for supplying 
ing: 40 pressurized gas and said bellows, said manifold 
a thin, membrane diaphragm forming each end of having a plurality of flexible conduits extending 
each of said bellows, said membrane diaphragms therefrom to said bellows. 
15 exchangers as recited in claim 1 further comprising: 
We claim:’ 
1. A heat exchanger interface for thermally connect- 
a first array of parallel, spaced, plate-type heat ex- 
connect. 
ing two plate-type heat exchangers comprising: 
exchangers as reacted in claim 5 further comprising: 
face for connecting two heat exchangers comprising: 
30 
a 
deforming to effect substantially planar contact * I * * *  
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